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We present colour transformations from Two Micron All Sky Survey (2MASS) photometric system to Johnson-Cousins 
system and to Sloan Digital Sky Survey (SDSS) system for late-type giants and vice versa. The giant star sample was 
formed using surface gravity constraints (2 < log g < 3) to Cayrel de Strobel et al.'s ( 2001) spectr osco pic catalogue. 
2MASS, SDSS and Johnson-Cousins photometric data was taken from lCutri etall < l2003l) . IOfekl [2008) and lvan LeeuweiJ 
l l2007l) . respectively. The final sample was refined applying the following steps: (1) the data were dereddened, (2) the 
sample stars selected are of the highest photometric quality. We give two-colour dependent transformations as a function 
of metallicity as well as independent of metallicity. The transformations provide absolute magnitudes and distance de- 
terminations which can be used in space density evaluations at relatively short distances where some or all of the SDSS 
magnitudes of late-type giants are saturated. 
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1 Introduction 



The most widely u sed sky su r veys are the Sloan Digital 
Sky Survey (SDSS: lYork et all |2000|) and the Two Micron 
All Sky Survey (2MASS: ISkrutskie et all 120061) . SDSS is 
the largest photometric and spectroscopic survey in optical 
wavelengths, whereas, 2MASS has imaged the sky across 
infrared wavelengths. Another astrometrically ^_and photo- 
metrically important survey is Hipparcos (ESA, 1997), which 



was reduced recently bv lvan Leeuwen d2007h . 



SDSS obtains images almost simultaneously in five broad- 
bands (u, g, r, i and z) centred at 3540 4760 6280, 7690 
and 9250A, respectively (Fukugita et all 1 19961 Gunn et al, 



ll998l:lHogg et alll200UlSmifh et alll2002l) . The photomet- 
ric pipeline dLupton et allbOOlb detects the objects, matches 
the data from five filters and measures instrumental fluxes, 
positions and shape parameters. The magnitudes derived from 
fitting a point spread function (PSF) are accurate to about 2 
per cent in g, r and i, and 3-5 per cent in u and z for bright 
sources (< 20 mag) point sources. Data Release 5 (DR5) is 
almost 95 per cent complete for point sources to (u, g, r, i, 
z)= (22, 22.2, 22.2, 21.3, 20.5). The median FW HM of the 
PSFs is about 1.5 arcsec (lAbazajian et all 12004). The data 
are saturated at abo ut 14 mag in q, r and i, and about 12 
mag in u and z (see Chonis & Gaskell 2008 ). 



The near-infrared (NIR) JHK S photometric data were 
taken from the digital Two Micron All-sky Surve >Q(2MASS) 
It provides the most complete database of galactic point 
sources available up to date. During the development of this 
survey, two highly automated 1.3-m telescopes were used: 
one at Mt. Hopkins, Arizona to observe the Northern sky, 
and the other at Cerro Tololo Observatory in Chile to com- 
plete the s urvey's Southern ha lf. Observations cover 99.998 
per cent (ISkrutskie et al. , 2006) of the sky with simultane- 
ous detections in J (1.25 /xra), H (1.65 /xm) and K s (2.17 
/im) bands up to the limiting magnitudes of 15.8, 15.1 and 
14.3, respectively. Nowadays, 2MASS is probably the ref- 
erence study for the rest of galactic surveys, due to both full 
coverage of the sky which it provides and its intrinsic pho- 
tometric and astrometric accura cies. Recent surveys, such 
as UKIDSS dLucas et all 120081) . use 2MASS as reference 
catalogue, therefore a transformation between optical and 
2MASS magnitudes is of interest in many different topics. 
The photometric uncertainty of the data is less than 0.155 at 
K s ~ 16.5 magnitude which is the photo metric complete- 
ness of 2MASS for stars with \b\ > 25° (Skrutskie etal 
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2006). Calibration offsets between any two points in the sky 
are less than 0.02 mag. The passband profiles for Johnson- 
Cousins, SDSS and 2MASS photometric systems are given 
in Fig. 1. 

It has been custom to derive transformations between a 
newly defined photometric system and those that are more 
traditional (such as the Johnson-Cousins UBVRI system). 



http://www.ipac.caltech.edu/2MASS/ 
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Fig. 1 Normalized passbands of the Johnson- 
Cousins' BVRI filters (upper panel), the SDSS ugriz 
filters (middle panel), and the 2MASS filters (lower panel). 



A number of transformations between u'g'r'i'z', ugriz and 
UBVR C I C exist. The u'g'r'i'z' system is referred to the 
similar filter system used on the 0.5-m Photometric Cal- 
ibration Telescope at SDSS. It should be noted that there 
are differences betwe en the u'g'r'i'z' an d ugriz systems 



These are discussed in Tucker et al. (2006), iDavenport et al 
d2007l) and ISmith et alj d2007l) . In this paper 



zero-points. Finally, we refer to our most recent paper where 
transformations between SDSS (and 2M ASS) and BVRI 



photometric systems for dwarfs are given (iBilir et all l2008). 



The first transformations b etween 2MASS and othe r pho- 
tometric systems are those of IWalkowicz et alj d2004l) and 
West et al.l (12005b who determined t he level of magnetic ac 



tivity in M and L dwarfs. The aim of lDavenport et al. (2007) 
in deriving equations between 2MASS and other photomet- 
ric sy stems was to estima te the absolute magnitudes of cool 
stars. 



Covev et al 



2008) considered the ugriz,] HK S stel- 
lar locus and showed how it can be u sed to identify objects 
with u nusual colors. A recent study bv lStraizvs & Lazauskaite 
(2009) ] )rovided calibrations which can be used to obtain the 
color indices of 2M ASS stars with known spectral types and 
luminosity classes. Straizys & Lazauskaite ( 2009h used the 
loci of giant stars with spectral types later than G5 to obtain 
their calibrations. 

To extend the results of Bilir et al. ( 20081) to the giants 
domain is of great use, as it allows to derive absolute mag- 
nitudes and to produce distance determinations at relatively 
short distances where SDSS sources will be saturated. For 
example, red clump giants are now considered as well-known 
standard candles, as they show a very narrow luminosity 
function that constitute a compact and well-defined clump 
in a Hertzsprung-Russell diagram, particularly in the NIR. 
The absolute magnitude (Mk) and intrinsic colors, (J — 
K s )q, of the red clump giants are well established with very 



small metallicity dependences (see lCabrera-Lavers et al.Ll2008 



we are con- 
cerned with transformations to and from ugriz system of 
the 2.5-m. The first transformations derived between the 
SDSS u'g'r'i'z' system and the Johnson-Cousins 'photometric 
syste m were based on the observations in u', g', r', i' and z' 
filters dSmith et alll2002h . 

An improved set of transformations between the obser- 
vations obtained in u'g'r' filters at the Isaa c Newton Tele- 
scope (INT) at La Palma, S pain, and the iLandoltl dl992h 
UBV standards is derived by karaali etaD d2005l) . The INT 
filters were designed to reproduce the SDSS system. iKaraali et 
d2005l) presented for the first time transformation equations 
depending on two colors. 

Rodgers et al. (2006) considered two -color or qu adratic 



forms in their transformation equations. Jordi et al. ( 2006) 
used SDSS DR4 and BVRI photometry taken from differ- 
ent sources and derived population (and metallicity) depen- 
dent transformation equation s between SDSS and UB VRI 
systems. A recent work is bv lChonis & Gaskelll (2008) who 
used transformations from SDSS ugriz to UBVRI not de- 
pending on luminosity class or metallicity to determine CCD 



and references therein), hence distances to these sources can 
be derived with c onfidence by means of a very sm all number 
of assumptions (ILopez-Corredoira et al. , 2002). This well 
known set of NIR properties of the red clump population 
have not been sufficiently studied in the optical, where a lot 
of SDSS data is waiting to be exploited. In order to do this, 
a proper set of optical/NIR photometric transformations are 
needed and these are presented here. 

In Section 2 we present the sources of our star sample 
and the criteria applied to the chosen stars. The transforma- 
tion equations are given in Section 3. Finally, in Section 4, 
we discuss our results. 

2 Data 

The first and main source of our data was Cayrel de Strobel 
■etial.'s (2001) spectroscopic catalogue. This catalogue con- 
^a\ns a large number of stars with different population types 
and metallicities. We chose 661 stars with 2 < log g < 3 
and obtained the original sample of late-type giants. The 
second source for our w ork is the 2MASS All-Sky Cat- 
alogue of Point Sources ( Cutri et all [2003). We matched 
the Cayrel de Strobel et al.'s (2001) spectroscopic catalogue 
with the Cutri et al.'s (2003) 2MASS photometric catalogue 
and obtained the NIR magnitudes for 661 stars. The NIR 
magnitudes of 661 stars are not as precise as their optical 
magnitudes. To select more sensitive NIR magnitudes of 
sample stars, we used the magnitude flags, labeled "AAA", 
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Fig. 2 The error distributions for Johnson-Cousins' BVI and 2MASS JHK S (the errors for SDSS gri magnitudes are 
discussed in the text). 



which means the signal noise ratio is SNR > 10, i.e. they 
have the highest quality measurements. 

After applying this selection criterion based on the qual- 
ity of the data, the total number of stars in 2MASS pho- 
tometric system was reduced to 91. The photometric and 
spectroscopic data of 91 stars is given in Table 1. 

The BVI magnitud es were taken from the newly re- 
duced Hipparcos' (Ivan Leeuweni 120071) catalogue. The same 
catalogue also offers trigonometric parallaxes which pro- 
vides accurate distance determination. Finally, the g, r and 
i magnitudes were taken from the Ofek's (2008) catalogue. 
Ofek (2008) calculated the synthetic griz magnitudes of 
bright Tycho stars, where SDSS magnitudes are actually 
saturated. Out of 91 stars only 82 had g, r and i magni- 
tudes, due to the shallowness of 2MASS and deepness of 
the SDSS photometries. Thus, transformation equations be- 
tween BVI and 2MASS is carried out for a sample of 91 
stars, whereas the ones between SDSS and 2MASS is lim- 
ited with 82 stars. 

The errors for the colors and magnitudes for BVI and 
2MA SS photometr ies are given in Fig. 2. For SDSS magni- 
tudes, |ofek| d2008l) states that the typical errors for a single 
star are 0.12, 0.12, 0.10 and 0.08 mag for g, r, i and z bands, 



respectively, but they reduce to about 0.04, 0.03, 0.02 and 
0.02 mag for a sample of about 10 stars. 

The E(B — V) color excesses of stars ha ve been evalu 



ated in two steps. First, we used the maps of Schlegel et al. 
( 1998) and evaluated a E^B — V) color excess for each 



star. We then reduced the m using the following procedure 
dBahcall & Soneiraill980h : 



A d (b) = A oc (b) 



1 — exp I 



— I ds'm(b) 
H 



(1) 



Here, b and d are the galactic latitude and distance of the 
star, respectively. H is the scal eheight for the inters tellar 
dust which is adopted as 125 pc dMarshall et al.1 120061) and 
Aoo{b) and Ad(b) are the total absorptions for the model 
and for the distance to the star, respectively. A^b) can be 
evaluated by means of the following equation: 

A 00 {b)=Z.lE 00 {B-V). (2) 
Eoo (B — V) is the color excess for the model taken from 
the NASA Extragalactic Databass0 Then, E d (B - V), i.e. 
the color excess for the corresponding star at the distance d, 
can be evaluated by Eq. (3) adopted for distance d, 

Ed(B -V) = A d (b) I 3.1. (3) 



http://nedwww.ipac.caltech.edu/forms/calculator.html 
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Table 1 Johnson-Cousins, SDSS and 2MASS magnitudes, coordinates and parallax of the sample stars (91 total stars). 
The columns give: (1) ID, (2) Hipparcos number, (3)-(5) surface gravity, metal abundance and their references (6) parallax, 
(7) relative parallax error, (8) distance (9) Ed(B — V") reduced color excess, (10) V apparent magnitude, (11) and (12) 
B — V and V — I color indices, (13) g apparent magnitude, (14) and (15) g — r, r — i color indices, (16) J apparent 
magnitude, (17) and (18) J — H and H - K s color indices. 
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8.830 0.680 0.220 

10.130 0.250 0.050 

8.850 0.780 0.270 

8.340 0.480 0.150 

8.620 0.810 0.290 

9.460 0.510 0.140 

8.390 0.660 0.260 

9.120 0.980 0.350 

8.880 0.780 0.270 

9.510 0.680 0.220 

9.180 0.730 0.270 

8.080 0.680 0.220 

9.530 0.850 0.310 

10.110 0.610 0.220 

8.370 0.610 0.220 

9.510 0.460 0.130 

11.110 0.270 0.050 

8.520 0.780 0.270 

9.420 0.560 0.190 

9.280 0.730 0.270 

9.240 0.610 0.220 

8.680 0.980 0.380 

8.530 0.650 0.220 

7.850 0.500 0.150 

11.130 0.650 0.190 

9.800 0.390 0.150 

8.930 0.640 0.210 

10.640 0.680 0.220 

10.430 0.510 0.140 

10.010 0.780 0.260 

8.970 0.360 0.100 

9.530 0.640 0.210 

8.870 0.610 0.210 

8.880 0.660 0.250 

7.800 0.470 0.170 

9.270 0.630 0.210 

9.500 0.610 0.220 



{* ) Tht derived distance using ihe method explained in this paper 
(I)Pilachowskielal. 1996). (2) Smith & Lambert 1986). (3) Btirris el al. 2000), (4) Spile el al. 1994), (5) Kovacs 1983 ), (6) Cilrav el al. 1988), (7) Gratton 1983), (8) Barbuy & Erdelvi-Mendes 1989), (9) Grailon el al. 200C),(10) 
IRyan & LamEel fTOt , (ll)[I5om^[T3S§, (12 lRyan k T)&ymmitfW1k , (13] )0rattOB|p?ggfc . (14T |Luck & BwJfTgg^ , flSJ llAick & Wepfeij ITgjEi , (16T |Fulbijght & KrafllTOH, d7] |graft6tag|T593 , qg] |Tomkiii & LambeH ^59*1 , 
(19) Luck & Bond .1991). (20) Peterson . 1981 ). (21 ! Fulbrighl 200C ). (22) Drake & Lambert 1994 ). (23) Grallon & Orlolani 1984 .). (24) Tomkin el al. 1992). (25) Cavallo el al. 1997). (26) Shelrone 1996), (27) Gratlon & Sneden 1991). 
(28) |c'lementini et aljrT^t , (29) |Axer etaTlf^l , (30 )|Luck & Challenejn^i , (31] |5pite & SpitafTlEKt , D2 flgpIteetaTirT533 . (33] |teep AWaHerstefoinSglt . (34 ^Mtshenuia et al] [T9l5i, (35) [Carney etaT|nW7l, (36 jRyan ei AT] 

UWft , (37) |T!riskiaswamv&5ned"en||l955t . 
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We have omitted the indices oo and d from the color 
excess E(B — V) in the equations. However, we use the 
terms model for the color excess of ISchlegel et al.l (119981) 
and "reduced" the color excess corresponding to distance d. 
The total absorption A d used in this section and the classical 
total absorption Ay have the same meaning. 

The distances of 65 stars whose relative parallax errors 
are small were evaluated by using their original parallaxes. 
However, for one star with negative trigonometric parallax 
and for 25 stars with relative parallax errors a^/ir > 0.5 the 
following formula was used for this purpose: 

V - M v - A d {b) = 5 log d - 5. (4) 

The absolute magnitudes for this sub-sample of stars were 
adopted as My = 1. The distances derived using this method 
are denoted with a star superscript in Table 1 . As the total 
absorptions for the model and distance to the star are dif- 
ferent, the distance to a star in this category (a total of 26 
stars), as well as its total absorption, A d (b), and color ex- 
cess, Ed(B — V), could be evaluated by iterating Eqs. (1)- 
(4). 

We de-reddened the colors and magnitudes by using the 
Ed(B — V) color index of the stars evaluated u sing t he pro - 
cedures explained above a nd the equation s of Fan (1999); 
Fiorucci & Munaril d2003l) : lYadav & Sagar! d2004h for V - 1 
color, and for 2MASS and SDSS photometries, respectively. 
The related equations are given in the following: 



V = 


V-3.1E d (B- 


V), 


(B - V) = (B 


-V)- E d (B - 


V), 


(V~I) = (V-I) 


- l.250E d (B - 


V), 


Jo = J 


- 0.887E d {B - 


V), 


(J-H) = {J-H) 


- 0.322E d (B - 


V), 


(H - K s ) = {H- K.) 


- 0.l83E d (B - 


V), 


.9o = .9 


- l.l99E d (B - 


V), 


{9 ~ r) = (.9 - r) 


- O.MlE d (B - 


V), 


(r - i) Q = (r-i) 


- 0.219E d (B - 


V) 



(5) 

The two color diagrams of the star sample for three pho- 
tometric systems, i.e. BV I , qri a nd JHK S , compar ed to 
the calibrations of IPicklesI dl998l) . ICovev et al.l d2008l) and 
Straizvs & Lazauskaitd d2009l) are given in Fig. 3, respec- 
tively. The valid color index intervals for the transforma- 
tions for giants are as follows: 0.25 < (B ~ V)o < 1.35, 
0.25 < (V - J) < 1.35, 0.10 < (g - r) < 0.95, 
< (r - i) < 0.35, 0.05 < ( J — H) a < 0.60, < 
(H — K s )q < 0.45. The metallicity distribution of the sam- 
ple covers all three populations, i.e. thin and thick disks, 
and halo (Fig. 4). The modes for the distributions of the 
whole sample (91 stars) and for the sample of stars (82 
stars) which do not supply the relative parallax error con- 
dition (ov/tt < 0.5) are -1.23 and -1.21 dex, respectively. 
The corresponding medians of these distributions are close 
to the modes (-1.18 and -1.12 dex) indicating two Gaussian 
distributions. 
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Fig. 3 Two-color diagrams of the sample stars. In all pan- 
els, the grey circles correspond to the positions of our sam- 
ple stars. The dash ed lines in p a nels (a), (b) and (c ) are 
the calibrations of IPicklesI dl998l) . ICovevetalJ d2008l) . and 
Straizvs & Lazauskaitd ( 2009 ). respectively. (The continu- 
ous lines in panels (b) and (c) correspond to the two-color 
calibrations evaluated by the converted colors in Table 4. 
See section 4). 
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Fig. 4 Metalicity distributions for two samples: (1) for 91 
late-type giant stars used in the transformations between 
BVI and JHK S magnitudes (white area) and (2) for 82 
giant stars used in the transformations between gri and 
JHK S magnitudes (grey area). 



3 Results 

3.1 Transformations between 2MASS and 
Johnson-Cousins photometry 

We used the following general equations and derived 12 sets 
of transformations between 2MASS and Johnson-Cousins 
BVI. Eqs. (6)-(ll) transform 2MASS colors and magni- 
tudes into BVI magnitudes, whereas Eqs. (12)— (17) are 
their inverse transformations. The transformations are ei- 
ther metallicity dependent (Eqs. (6)-(8) and (12)— (14)) or 
independent of metallicity (Eqs. (9)— ( 11) and (15)— (17)). In 
th is work, w e follo wed a procedure diff erent than the one 
in 



Table 1 Coefficients for the transformation Eqs. (6)— (17) 
in column matrix. The subscript i = 1, 2 and 3 or i = 4, 5 
and 6 correspond to the same number that denotes the equa- 
tions. R and s are the correlation coefficient and standard 
deviation for each category, respectively. 



Equations dependent on metallicity, 
Coefficient (B - J) (V - J) 



1 



2, 3 
(I- 



Bilir et al.l (120081) . used for the dwarfs. iBilir et all (12008b 
separated the sample of stars into metal-rich, intermediate 
metallicity and metal-poor sub-samples and obtained trans- 
formations for each sub-sample, whereas we adopted the 
metallicity as an additional term in Eqs. (6)-(8) and (12)- 
(14). This approach can be explained by the fact that stars 
change their positions in two color diagrams by shifting an 
amount proportional to their metallicities. The general equa- 
tions are 

(B-J) = ai {J-H) +b x (H-K s )o+ Cl [M/H]+d u {6) 
(V-J) = a 2 {J-H) a +b 2 {H-K s ) Q +c 2 [M/H]+d 2 ,(l) 
(I-J) = a 3 (J-H) +b 3 (H-K s ) +c 3 [M/H}+d 3 ,(S) 



di 


3.732 ±0.163 


2.328 ± 0.102 


1.097 ± 0.089 


bi 


2.125 ± 0.312 


1.128 ±0.195 


0.306 ±0.170 


a 


0.114 ± 0.019 


0.033 ± 0.012 


-0.031 ±0.011 


di 


0.592 ± 0.071 


0.435 ± 0.044 


0.185 ±0.038 


R 


0.950 


0.945 


0.832 


s 


0.142 


0.089 


0.077 


Equat 


ions independent from metallicity, 


i=4, 5,6 


Coefficient 


(B - J) 


(V - J) 


(/ - J)o 


Oi 


3.671 ±0.191 


2.310 ± 0.105 


1.114 ± 0.092 


bi 


2.518 ±0.359 


1.242 ±0.198 


0.198 ±0.173 


di 


0.436 ± 0.077 


0.390 ± 0.042 


0.228 ± 0.037 


R 


0.929 


0.940 


0.812 


s 


0.167 


0.092 


0.080 


Equations dependent 


on metallicity, i 


= 1,2,3 


Coefficient 


(V - J) 


(V-H)o 


(V - K s ) 


e. 


1.080 ± 0.433 


1.454 ± 0.590 


1.791 ±0.592 


fi 


0.379 ± 0.495 


0.504 ± 0.674 


0.294 ± 0.676 


9i 


-0.082 ±0.015 


-0.127 ±0.020 


-0.129 ±0.020 


hi 


0.279 ± 0.078 


0.261 ± 0.106 


0.276 ±0.106 


R 


0.933 


0.931 


0.940 


s 


0.097 


0.133 


0.133 


Equat 


ions independent from metallicity, 


i = 4, 5,6 


Coefficient 


(V - J) 


{V-H) 


(V - K s ) 


e. 


0.397 ± 0.484 


0.402 ± 0.684 


0.716 ±0.690 


fi 


1.018 ±0.560 


1.488 ± 0.792 


1.299 ± 0.799 


hi 


0.396 ± 0.087 


0.441 ± 0.123 


0.460 ± 0.124 


R 


0.907 


0.896 


0.908 


s 


0.113 


0.160 


0.162 



3.2 Transformations between 2MASS and SDSS 

The transformations between 2MASS and SDSS, given in 
the following, have similar general equations: 

(g-J)o = ki(J-H)o+li(H-K a ) +mi[M/B\ 
(r-J)o = k 2 (J-H) +l 2 (H-K s ) +m 2 [M/H] 
(i-J)o - k 3 (J-H) +l 3 (H-K s ) +m 3 [M/H]- 
(g - J) = h{J - H) + h(H - K S ) Q + n 4 . 
(r - J) = fc 5 (J - H) + l 5 (H - K s ) + n 5 . 



(B - J) = a 4 (J - H) ± b 4 {H - K s ) + d 4 , (9) 
(V - J) = a 5 (J - H) ± b 5 (H - K s ) + d 5 , (10) 
(/ - J) = a 6 ( J - H) ± b 6 {H - K S ) Q + d 6 , (11) 
(V-J) = e 1 (S-F)o+/i(F-7) +5i[M/F]+/i 1 ,(12) 
(V-H)o - e 2 (B-V) +f 2 (V-T) +g 2 [M/H}+h 2 ,(l3) 
(V-K s ) = e 3 (B-V) +f 3 (V-I) +g 3 {M/H]+h 3 ,(l4) 
(V - J) = e 4 (B - V) + f 4 (V - I) + h 4 , (15) 
(V - H) = e 5 (B - V) + h(V - J) ± h 5 , (16) 
(V - K s ) = e 6 (B - V) + h{V - I) + K. (17) 

The numerical values of the coefficients in Eqs. (6)— (17) are 

given in Table 2. 



•ni.(18) 
n 2 .(19) 
n 3 .(20) 
(21) 
(22) 
(23) 



(i - J) = k 6 (J- H) + h(H - K s ) ± n e 
(g-J)o = 0l {g-r) a + Pl {r -i) Q + ri [M I H] + Sl .{24) 
(g-H)o - o 2 (g-r)o+p 2 (r~i) + r 2 [M/H} + s 2 .(25) 
(g-K s ) = o 3 (g-r)o+p 3 (r-i) +r 3 [M/H]+s 3 .(26) 
(9 - J)o = °i(g - r )o +Pi{r - i)o + s 4 . (27) 
(g - H )o = °b{g - r)o+p 5 {r - i)o + s 5 . (28) 
(.9 - K s )o = o 6 {g - r) +Pe(r - i) + s e . (29) 
One can see that, the equations which convert 2MASS 
colors and magnitudes into gri magnitudes and their inverse 
transformations are either metallicity dependent or indepen- 
dent of metallicity. The numerical values of the coefficients 
in Eqs. (18)— (29) are given in Table 3. 
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Table 2 Coefficients for the transformation Eqs. (18)- 
(29) in column matrix. The subscript i = 1, 2 and 3 or i 
= 4, 5 and 6 correspond to the same number that denotes 
the equations. R and s are the correlation coefficient and 
standard deviation for each category, respectively. 

Equations dependent on metallicity, i = 1 , 2, 3 
Coefficient (g — J)o (r — J)o (i — J)o 



k'i 


2.992 ±0.127 


1.743 ± 0.087 


1.233 ± 0.083 


h 


2.478 ± 0.357 


1.250 ±0.245 


0.727 ±0.232 


rm 


0.089 ± 0.016 


0.054 ±0.011 


0.042 ±0.010 


m 


0.461 ±0.057 


0.462 ± 0.039 


0.524 ± 0.037 


R 


0.960 


0.943 


0.901 


s 


0.106 


0.073 


0.069 


Equations independent from metallicity, i = 4, 5, 6 




(9 ~ J)o 


(r ~ J)o 


(i - J)o 


k> 


2.923 ±0.148 


1.701 ±0.099 


1.200 ± 0.090 


U 


3.031 ± 0.400 


1.585 ±0.266 


0.991 ±0.243 


n, 


0.329 ±0.061 


0.383 ± 0.041 


0.461 ± 0.037 


R 


0.943 


0.925 


0.879 


s 


0.124 


0.083 


0.075 




Equations dependent on metallicity, i 


= 1, 2, 3 




(9 ~ J)o 


(9 ~ H)o 


(9-K s ) 


Oi 


2.150 ±0.199 


2.767 ±0.270 


2.885 ±0.267 


Pi 


0.194 ±0.462 


0.097 ±0.627 


0.130 ±0.618 


n 


0.008 ±0.012 


-0.021 ±0.017 


-0.015 ±0.016 


Si 


0.531 ±0.050 


0.556 ± 0.068 


0.590 ± 0.067 


R 


0.977 


0.972 


0.975 


s 


0.081 


0.110 


0.108 


Equations independent from metallicity, i = 4, 5, 6 




(9 ~ J)o 


(9 ~ H)o 


(g-K s ) 


Oi 


2.172 ±0.196 


2.706 ±0.267 


2.842 ± 0.262 


Pi 


0.160 ±0.457 


0.185 ±0.626 


0.192 ±0.614 


Si 


0.514 ±0.043 


0.600 ± 0.058 


0.622 ± 0.057 


R 


0.976 


0.972 


0.975 


s 


0.081 


0.110 


0.108 



3.3 Residuals 

We compared the observed colors with those evaluated via 
Eqs. (6)-(29). The residuals are plotted versus observed (B— 
V)o, (J — H)o or (g — r)o colors in Fig. 5. There are some 
small systematic deviations in the the red and blue ends of 
the (B — V)o color. However, they are negligible when com- 
pared to the accuracy of the transformations. Actually, the 
mean of the residuals are smaller than a thousandth and the 
standard deviations are close to 0. 1 mag for all colors (Table 
4). The ranges of the residuals for different colors are not the 
same. The residuals are larger for colors over wider wave- 
length intervals but they are smaller for metal dependent 
transformations than the corresponding ones for metal in- 
dependent transformations. One can confirm this argument 
by comparing the ranges of the residuals in Fig. 5 and the 
standard deviations in Table 4. 



and furthermore into the S DSS system. Thu s, this is the 
complement of the paper of iBilir et alj d2008l) where trans- 
formations were carried out for dwarfs. We adopted the fol- 
lowing steps in order to obtain accurate transformations: (1) 
the sample was selected by means of the star surface grav- 
ities, i.e. 2 < log g < 3, (2) the photometric data was de- 
reddened, (3) stars in the sample were selected according 
to their photometric data quality, (4) transformations were 
constructed as two-color dependent equations. Step (3) is 
especially important for 2MASS data because the inherent 
errors are larger relative to those in other photometries. Ad- 
ditionally, the transformations are given either as a function 
of metallicity or independent from metallicity. However, in 
the case of metallicity dependent equations the procedure is 
different than the one of Bilir et al.'s (2008). Instead of sep- 
arating the star sample into different metallicity intervals, 
we added the metallicity as a term into the transformation 
equations. 

The coefficients of the color terms in the same transfor- 
mation equation are significant (see Tables 2 and 3) which 
indicate that the transformations are two-color dependent. 
On the other hand, the correlation coefficients for the metal- 
licity dependent transformations are larger than the ones of 
metallicity independent transformations indicating that the 
transformations actually vary with metallicity. The mean of 
the residuals, i.e. the color differences between those mea- 
sured and those calculated, are smaller than 0.001 mag (ex- 
cept for the color (r — J) which is equal to 0.001 mag). 
Additionally, the deviations of the measured colors from the 
calculated on es are absolutely smaller (s < 0.16) than the 
ones cited bv lBilir et al1d2008l) for dwarfs (0.2 < s < 0.3). 

We applie d our tra n sform ation equations to the synthetic 
BVI data of lPicklesI (1998) which cover stars of a wide 
spectral type range, and obtained J — H,H — K s , g — r and 
r — i colors (Table 5) which gave us the chance to compare 
the two color diagrams in different studies. In all panels of 
Fig. 3, the grey circles correspond to the positions of our 
sample stars, whereas the dash ed lines in pane l s (a), (b) and 



(c) rep rese nt the calibrations o f Pickles ( 1998b. iCovev et al 
(2008) and Straizvs & Lazauskaitd ( 20091) . respectively. Fi- 



nally, the continuous lines in panels (b) and (c) correspond 
to the two-color calibrations evaluated using the converted 
colors in Table 5. The deviation between the dashed and 
continuous lines in panel (b) originates from deviations of 
the positions of our sample stars from the synthetic (B — V) 
and (V — I) colors in panel (a). But the difference between 
two lines in panel (c) may be due to the uncertainty of the 
calibration itself, in addition to the mentioned deviations. 
However, we can argue that the transformations derived for 
late type giants in this work could be applied with sufficient 
accuracy. 



4 Discussion 
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Fig. 5 Color residuals for two sets of transformations. The notation used is A(color)=(evaluated color)-(measured color). 
The first and third columns correspond to the metal dependent transformations, whereas residuals for metallicity indepen- 
dent transformations are given in the second and fourth columns. 



Table 3 Averages and standard deviations (s) for the residuals for different colors in transformation Eqs. (6)-(29). The 
notation used is A(color)=(measured color)-(evaluated color). 



For metallicity dependent transformation equations 




A(B - J) 


A(V - J) 


A(I - J) 


A(<? - J) 


A(r - J) 


A(i - J) 


Average 


0.0007 


0.0001 


0.0006 


0.0001 


0.0010 


-0.0004 


s 


0.142 


0.089 


0.077 


0.106 


0.073 


0.069 




A(V-J) 


A(V — H) 


A(V-K S ) 


A(<? - J) 


A(g-H) 


A(g - K.) 


Average 


0.0001 


-0.0004 


0.0002 


-0.0007 


0.0001 


0.0002 


s 


0.097 


0.133 


0.133 


0.081 


0.110 


0.108 


For transformation equations independent from metallicity 




A(B - J) 


A(V - J) 


A(I - J) 


A(«? - J) 


A(r - J) 


A(i - J) 


Average 


0.0003 


0.0001 


0.0001 


0.0003 


0.0001 


0.0003 


s 


0.167 


0.092 


0.080 


0.124 


0.083 


0.075 




A(V — J) 


A(V-H) 


A(V-K S ) 


A(<? - J) 


H9-H) 


A(g - K s ) 


Average 


-0.0005 


-0.0001 


-0.0001 


0.0004 


-0.0001 


-0.0005 


s 


0.113 


0.160 


0.162 


0.081 


0.110 


0.108 



Table 4 Synthetic data taken from Pickles'(1998) (columns 1-5) and J - H, H - K s , g - r and r — i colors evaluated 
by the corresponding transformations derived in this work. 



Spectral Type 


[M/H] (dex) 


T Eff (K) 


B — V 


V- I c 


J -H 


H~K S 


g-r 


r — i 


A0III 





9572 


0.037 


0.008 


-0.003 


0.026 


0.027 


-0.050 


A3III 





8974 


0.130 


0.076 


0.040 


0.043 


0.102 


-0.019 


A5III 





8453 


0.175 


0.164 


0.068 


0.040 


0.133 


-0.006 


A7HI 





8054 


0.210 


0.240 


0.091 


0.035 


0.156 


0.003 


FOm 





7586 


0.271 


0.317 


0.123 


0.040 


0.202 


0.022 


F2HI 





6839 


0.417 


0.445 


0.194 


0.062 


0.317 


0.069 


F5III 





6531 


0.425 


0.507 


0.204 


0.052 


0.318 


0.069 


G0III 


-0.22 


5610 


0.661 


0.726 


0.330 


0.086 


0.509 


0.149 


G5III 


-0.12 


5164 


0.886 


0.872 


0.428 


0.131 


0.690 


0.223 


G8HI 


0.06 


5012 


0.946 


0.927 


0.449 


0.139 


0.733 


0.240 


K0III 


-0.08 


4853 


0.957 


0.978 


0.466 


0.132 


0.740 


0.244 


Kim 


0.09 


4656 


1.036 


1.044 


0.496 


0.145 


0.800 


0.268 


K2III 


0.05 


4457 


1.105 


1.132 


0.535 


0.150 


0.853 


0.290 


K3III 


-0.02 


4365 


1.210 


1.169 


0.582 


0.177 


0.943 


0.327 
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